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agv 71&9 “°]—h§l-‘r’1m’3° SolFARY T 22 AFAHA FE2
e ekly %}foﬂ/ﬂ 7z FEE 47 Bo) Jehe Ahgd disty & 49E 5
2 A$ Fol Jm-?f}ﬂl B2 Agelth. & oo vigo] 7|EY EoFIARY =
o 94?511 ZIdE = 49 vg Rt A F5H Y, o)¥F 25§ 4HL A5 gk
Shankar 5 (1997)& AFH < ZEolEAR o} SolgARY o) Abmr) “072 AHe 283 4
Hakx] ®ah= BAVE duka FEEAch. ol# e 9EE By fdte £xo Y JHE A=
Fi}+9] Zolg(Zero-Inflated Poisson: ZIP)3) 283 919 29| (Zero-Inflated Negative Bino-
mial: ZINB)3|F| 28 o] A= qict. olgjst d3jal Y.L g olA FesiA vehle 4L 433
7] 93te] g vhek FEES 7HA = BEE V=Y BE9 P4 2ot
47 2o et B4 F2 WX EAH(frequentist) 5] BANA Faso] gt aY NEEA}
Tt 2AE FEL URE ZAE ASIER 49 AAme} Zo] wie AeW BEE 2= FF R
A717F g 3A) G2B AR Y A w7} Bol A Dol Ut (of. YobdFH 2w, 2006).
wol R B4 g2 7|29 TAAQ B4 uhol ulE {88 AR AR AL JHsEHA & # o}
I%E} o] 37|71 Fg o /\}q}zf}0§ o A4 e BAE 2 5 s AEE VAL Yok 9]
FE AL R Feo B3 AR A4E 27T Q) ol S ARG F
BAZ FYshe B8 B dejAv FenoR /\}%5401 gron] AR 2ge) EAoE B2 o]
+o] AUtk 2 HZ Eo] A ERS VUige £XFHeR 7T $ Sl nkRE A 2HIE
& (Markov Chain Monte Carlo: MCMC) ¥ o] L*a] Aol whet ol R B4 L o] EoF
A AHEEHA =itk MCMC ¥ 2489 gl 2AR AZEZE2HE AFAF Y4L& 53t
o Z5Ee FARE 78+ sk
£ ApeAe ZIP 3ARY} ZINB HARF| st wojA|d £ ol&
et of RYPEE o|§sto] oAt Y A& staA} gt
B =f wA4e E}w&} 2oy WA 280 ME ZIP AR ZINB ARG L rledty, 7 23
3k A AT F AR EEE aiﬁﬂ‘*‘:} 3o E oz 8 4TS, APHEES
744 & ZIP ﬁ!%’i 3} ZINB 3ARHe 28 4892 A% wloj= 299 AbEE 49t 4%
A G4 2y tigh wlojrler 22 WS Xﬂ ket 5ol Aok wolAjet 7| HE& AR
AA 2% ARAE st B4L 851, WA 2y A=e] A& 5 2ok 67olA
= o] 9] AEE Y FAojth
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2.1. G2 2o R4

A 7t p7A] QRS X = (X1, Xz, ..., Xip) 9k F0] obd AF3he Ze s Y E 7 o
Yie wd 352 09 U3 HEES 7MAE $E2E BEY, | —wo] BER TS RE B

g W80 3k

y=1,...,ys) 7 R ul, ZIP 3) AR &5} ZINB 37 239 $Ed5r 2h7h

02

M52 H

CU) = H I:I(?JiZO) {OJ + (1 — w) exp {—exp(xiﬁ)}}

=1

&P {—exp(XiB3)} exp {v:(Xi0)}

+I<yi>0)(1—w il

b
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L(B,w,0) = ] [fm:m {w +1-w) (m) }
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(1 —w) o0 ( E )( exp(X.5) ))]

T{O)T(y: + 1) \ 6 + exp(X[0) 0 +exp(X.3

olth. AN Iy AANTFEA Aol A Y Wit 10]3, 2 29+ 09 & etk £8,0<
w <1, M =exp(Xig)eld, B px 1 v]A8 Z4HE, 6(0 > 0)& FRIATY J5olth

2.2, AR} AERE

ZIP HAERE 5 24 w, fol 22t SYROZ wol thse] RS o9} o DE WEREEE A
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Zzte) SEol thote] AALEE ATHY T BYe] AWAFEREE 47 The gk
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o -y 2RI e LCER) |

xw' %0 (1 = )DL exp {“%(ﬁ ~w)'ETN(B~ ”)} '
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6 g
(B, w, 05 y) o« [] [Ryrn) {w+(1—w) (mﬁj) }

i=1

: (6 +y:) 6 [ _exp(XiB) \*
“@i-"“)(l““’)r(e)r(yiﬂ) (9+exp(xgﬁ)) (0+exP(x;ﬂ)> }

xw(® (1 = w) Y exp {—%(5 ~W'ET B~ u)} :
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= L~y
- -6 =
R Mi(i=12..,0)% 0N 489 B4E DERRE £i(y; 0)F 3T, 0,8 0,8 BEFLo)
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B;; 28 Mo 95 29 M7 2 5A
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4.1. LA M2

o)A ¢k E2oA dr] ARREE MCMC 71 % 8l 44 AE8](Gibbs Sampler)® Gemani}
Geman (1984)° ofs] A= et TEL ofn|A] sto] Azt A B E A7) 9
B24E ARG} Gelfand 9} Smith (1990)0lME BAZ 28] & Ry=xjo thgt 2P oo
FR0) 7FsdA G AR 249 £72 oJgA MCMC WS wo|A ¢ FASM AREE
ZAA Bt

T 05 1 x p n|AQ Bedg ety AAsA A AFESEE X (joint pcsterlor distribution) 24
B 2EATA S AU 24 0.0 = 1.....p) B BEE zelszl. W ol 24EE 23
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8 = (60",...,6,") el Sh, A AEE LS oot Lok
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QA ¢ (6 0D 000 y) Bene ot 2 AAsh
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S8ted ZAAE 4 Art e APWFE B4 ¢ F T F AW TETE ARS8
9 22 2 7= AA(burp-in) 3t} G glSelA 2o dulolE
2 e AAE 7ol A7 il €418 14 Aol B
w, BAHE guio| B A E FH ks AR sheditt

4.2. A RFAUR ARRE

Fo1 BEol e AR Aol Lasht o) duei) dof £eA0% hsdil eng MCMC
1 % S A AEAE ST BTk da AE /S A8 AsAE A2kl Rl
el 98 2A% PRI Bash A7e) Baol B B 24 AERTE ZRAFLRENA
7 B4l e g 8ot FAST Qe Fholth
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ZIP AAEYY B9 69 woll AT SA 2R AFEEZE t5F 2o] ekl = 3o &,

(B Bty w, y) x H [f(yi=0) {w+(1-w)exp {—exp(XiB)} }

exp {— exp(XiB)} exp {yi(Xéﬁ)}}
yi!

+I(yi>0)(l - w)

x exp{—%(ﬂ -w)'EN (B - u)}

ww; B, y) o [ [f@i:m {w+ (1 - w) exp {— exp(X.8)}}

- exp {— exp(X8)} exp {yi(xzﬁ)}]
1!

+I(yz'>0)(l - “")
Xw(éo'l)(l - w)(ﬂo-l)

olty. A, fi& BF polA DA 228 JepdTh ¥ 5,2 pollA 1A 24T AT (p -
Dx1HEEN, F, 6= (b1,...,01-1, By, -, Bp) OlTh
E3F ZINB 3AREY 2549 8, w09 i3 A 2 AR AFEEE b3 2ol vehd & it

n g 4
m(Bi; B-1, w, 8,¥) x [I = {w—i—(l—w) (—f-> }—J—Iyi 1-w)A
X eXp {—%(ﬂ - “);2—1(5 = #)} ;

- 0 o -
w ﬂ, y) o H I(yi=0) {w -+ (1 -W) (W) } e I(yi:,o)(l — W)Az
(50—1)(1 __w)("m‘“l),

Xw

n [ 0 g -
7(0: B, w,9) o I |- {w+<1—w> (7o) }Hyi (1-w)4
i:H]_ I (y;=0) 9+exp(Xzﬂ) (y:>0) -

o} 714

4o IO+ ( ) ( _exp(X}f) )
= TG (v enm) (77 entn
1% 49 BrEo) e 4R AR AFREE Toh] Ao 4B 7PHS olg

5. AlH| WEALDAIRO| 2

HT

5.1. AlSEM

24l ALY ZIP AR ZINB AARYA 3 wolAt 3PS g 200297
20597170 $ 492 2R ALAS ARE FANGL. U 5 29 98 Wolz 292 oI
3tof WlolAet BY MY H3L sHsYch ALARE Z2H AHAAA] FEABRAN

2774} Az olTh.



AR FIHDHO) B ORI s 609

2 5.1, MH Es¥eYAY > 0Y B HEEANY

anEs

Y Y >0
Total N 27 11
Mean 0.704 1.727
95% CL Mean (0.296, 1.111) (1.120, 2.335)
Variance 1.063 0.818
Std Dev. 1.031 0.905
Median 0 2

W) TS AWEY WS Y ABANAY TEAZRAA 200237 200537 243
MR Fgolch Zh AHARJNA A S Ay YA gouz, FLuss 98 Pol xY
3t vk EHWHSEE 2FE ZH{curvature gap), FE A(speed difference), A2 REF (ramp type),
AEH(trafic volume) & 44 X, Xy, X3, Xy B FQr} 2E = IHo) 2708 FAH Exdzas
9] Z4zko] gl st A5 ARSI S5 A= AEAUAY ddre v&TE BAY A¥ET
9 Xol& AHGHAT. A BEAE AR Be 2AA7} ZolAuR 1/100% F45o] A85
At A B REYARE e SR QAR HEYoiRel B, §UVRRY A
“17, FEAZERS AL C0'2o® Ayt ASsisth. 2EEe JEAAAY AFR RFF) logt
< A% 2FTHFES AHE L

E 512 A $4585 YR Y > 08 ol 449 712 BA kel & A8 A4-E vnd) 29 167
& AAAA 00] VEREL QIEE FRIT 4 glon ol AARaY Fute] P ZFelth Hgg v
el B Z47E 0.704, 1.727% 08 EELT UL wjok 28T UA € AL E A S ¢ 5

A E O F " 22

& AR A 2719 B8 1,000708 A A (burp-in) 3¢tk WM HFHOR £3H RHY 5

= 10,0007 01}, 18 515 5.2+ ZIP AR ZINB 3| AR%e 2 B4HE Ao 81 18
o o [=18

s B

Zolth, 39S B & YKol Aoz o) & Y
7} 24wt} 10,00074 9] B82S dglome 119 PEs 259 2AFOR ALy mee 3
AT B2, Bo thaf 95% HPD(highest posterior density)#7F& 338k gho] & 5.2 vhe} ¢}
ok Abg 27700 16707F 09 & 27 wlEoll, AAARE A A 2] 09 ¥-&-2 0.59260]ch. FAXE &
HAEY ZIP 3]ARY] Z 0.53740l0, o= AA A5 F 53.7%7} 0] i3 AHES 7= A=
ds sttt ZINB 3|AERH] 397} 052392 2= o] 4A A48 F 52.4%7}F 0ol He HEES
THE e & 4 Ak

FAE A o83 A9 Ry 557 09 A5 tigt 28-S Al 2ol
AL oIt ol A3 AR w@sldrt. A5 Frishedls o8 7HX) el Aok 1 F

A Q] A 2 25 i (average absolute error: AAE)& v &8 B ¢t} (¢f Szabo$k Khoshgoftaar, 2000).
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n
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B 5.2, BIOIXOr RE0 QI8 2 SHOAG KpaN Ho
RS e XXyl 95% HPDF7}
w 0.5374 0.0772 ( 0.3862, 0.6841)
B —1.5877 0.1487 (—1.8807, —1.3058)
Zip B2 ~0.3901 0.3622 (11043, 0.3217)
3)ARY B3 0.0298 0.1432 (—0.2380, 0.3175)
Ba 0.1873 0.3621 (—0.5213, 0.9023)
Bs 0.3693 0.1850 ( 0.0018, 0.7151)
w 0.5239 0.1069 ( 0.3119, 0.7282)
B ~1.8640 0.1218 (~2.1014, —1.6223)
ZINB B2 —0.5246 0.3117 (—1.1401, 0.0802)
A=Y B3 0.0559 0.1656 (—0.2748, 0.3802)
Ba 0.2880 0.3919 (~0.4731, 1.0514)
Bs 0.3820 0.2289 (~0.0699, 0.8341)
E 5.3. AZUSZHOIAS 0 A0l TS AAE

AAE

Zol2s AR 0.5591

SolgFARH 0.5530

ZIP 3 AR 0.5077

ZINB 3} 3] 29 0.5072

Bo & AAs)

2

ma(y)  7.904 x 10717
Fnly) - 2.355 x 10-16
9] gro] heth o] ge = 3.1°] w2 9o wEAEI MiEFETE MaEEE ASse A7
729 stk Zlolth. webA ZIP H7RYe] ZINB ARG R flo] AFARE o 2 298 F1

gee &4 ek

By =

= 33.56

6. 22

A % 10 Aol thste] Zohs LT Lo YHALRE AGA7|A W ol Fw oA L v

&2 AT Yt A9 459 A9 BFoE Lxg M2 Foh old AREL AR A

3 ZIP 37283} ZINB HAR0) ANHRD, o2l FY RFE MAS BRAN E45
dzte] R4g 2ABET T, volz 2% Agste] AN 3kl et Ry M shch,

Al AT Qe Fo B 3k ol2| et d7e) 2 F ZIP AR
ol ZINB ARG} A5l 2 sl 2ozt 4828 Vg 5 Agitt

QA0LH, 2k (2006). A7 Eoks AARPel e WolA 22 FRAA Amole] 48
e, 19, 505-519.
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Bayesian Analysis for the Zero-inflated
Regression Models
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Abstract
We often encounter the situation that discrete count data have a large portion of zeros. In this case, it is
not appropriate to analyze the data based on standard regression models such as the poisson or negative
binomial regression models. In this article, we consider Bayesian analysis for two commonly used models.
They are zero-inflated poisson and negative binomial regression models. We use the Bayes factor as a model
selection tool and computation is proceeded via Markov chain Monte Carlo methods. Crash count data are
analyzed to support theoretical results.

Keywords: Zero-inflated model, Bayesian model selection, Bayes factor, Markov chain Monte Carlo.
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